showing 6 18 0 conversion equations [modified from and from Gonfiantini (1984) The purpose of the Advisory Group Meeting was (1) to review in detail the results of reference samples analyzed since 1976, (2) to recommend preparation of new reference samples, and (3) to recommend guidelines for isotope reference standards and reporting of data by laboratories. A summary of the results, conclusions, and recommendations was prepared by R. Gonfiantini (1984) , Scientific Secretary of the meeting.
recommendations. This report discusses these differences, which relate to oxygen isotope fractionation factors, the relationship between the SMOW and PDB scales, and the oxygen isotopic abundance of NBS-19. The partitioning of oxygen isotopes between two substances, A and B, is described by the isotopic fractionation factor a: Figure 1 illustrates the oxygen isotopic fractionation between C02 sPDB, C0 2 sV-SMOW, PDB, and V-SMOW. C02 spDB is carbon dioxide liberated from PDB calcite and C02 sV-SMOW is carbon dioxide isotopically equilibrated with V-SMOW water. Gonfiantini (1984) states on page 20, "For the oxygen-18 measurements in the water-calcite system, the fractionation factors recommended are those of fig. 3 ." Figure 2 herein is figure 3 of Gonfiantini (1984) . The isotopic fractionation factor between C02 sV-SMOW and V-SMOW is the C02 -H 2 0 isotope fractionation factor and in Gonfiantini (1984) is taken as 1.04115 at 25°C from work by Brenninkmeijer, Kraft, and Mook (1983) . The group consensus was that this value of 1.04115 should not be preferred over other values in the literature (see because most of the data used to calculate it were not normalized to V-SMOW/SLAP * -55.5 permil relative to V-SMOW.
One exception is the value of 1.04120 revised from O'Neil and Epstein (1966) and reported by . Because the consultants could not agree on a value of the C02 -H 2 0 fractionation factor for adoption at this meeting, we have intentionally left it off figure 1.
On page 13, Gonfiantini (1984) states, "From the practical point of view, however, the normalized value of the fractionation factor between C02 and water should not differ significantly from that of 1.04115 proposed [at the 1983 meeting] by Mook ( fig. 3 )." The group consensus was that this was not necessarily true because most of the data used to calculate the value of 1.04115 had not been normalized to the V-SMOW/SLAP scale. The group consensus was that at present the C02 -H2 O isotope fractionation factor is not known to five significant figures and there is controversy over the fourth. The degree of uncertainty in this fractionation factor can be illustrated by comparing the value Brenninkmeijer, Kraft, and Mook (1983) determined in their laboratory at 25°C, 1.04111 ± 0.00007, with the value we calculate by normalizing their measurements to the V-SMOW/SLAP scale. We calculate a normalized value of 1.04088 ± 0.00007 using their 5 18 0 value of SLAP relative to SMOW of -55.76 permil (Table V in Gonfiantini, 1984) and using their 6 18 0 value of V-SMOW relative to SMOW of -0.05 permil (Gonfiantini, 1984, p. 59) . This re-evaluated value differs from theirs by 0.00023, more than far enough to justify elimination of the fifth significant figure in the C02 -H2 0 isotope fractionation factor. «,, : CO2 sv-SMOW relative to CO2 sNBS-19 = 1.00193 as measured on the normalized V-SMOW/SLAP scale (Coplen, Kendall, and Hopple, 1983) a5 : 1.0309 is the value adopted at this meeting.
a6 : 1.0415, determined from a^ and «5 .
Therefore, the conversion equations in units of permil are: Gonfiantini (1984) showing 6 18 O conversion equations [modified from and from Gonfiantini (1984) 3. a,: a for PDB-C02 vs old SMOW-C0 2 -1.0O022 (Craig, 1965) , confirmed by Mook (1968) . Problem remains whether we define SMOW and V-SMOW to be equal or accept a difference of 0.05 Zo which according to Mook is realistic.
a 2 : Taken from , see Table XII. 04: According to Brenninkmeijer et al. (1983) , is the average of 3 independent determinations by 4 different laboratories.
05: 1.03086 is exactly the figure quoted by . respectively, the 6 values of the gas relative to SHOW and relative to C0 2 evolved from PDB calcite at 25°C by 100 percent phosphoric acid. The group consensus was that values of 1.0309 and 30.9 should be used in the first equation above and most conference attendees were vehemently opposed to using numbers with more significant figures, such as 1.03086 and 30.86. The reasoning behind this recommendation is that the C0 2 -H 2 0 isotope fractionation factor, which is the largest f ractionation factor used in the determination of this equation, is not known to an accuracy of five significant figures, as discussed above. Therefore, the equation adopted by the group expressed in permil is 30 ' 9
The subsequent equation must also be changed for the same reason and reduces to
The last equation on page 13 in Gonfiantini (1984) is based solely upon the C0 2 -H 2 0 isotope fractionation factor.
RECOMMENDED « 18 0 VALUE OF NBS-19
The IAEA consultants at the 1983 meeting made great progress in tying together the PDB and SMOW oxygen isotope scales by adopting a value of -2.20 permil for NBS-19 calcite relative to PDB calcite. In discussing the 6 18 0 value of NBS-19 on the PDB scale, Gonfiantini (1984, p. 14) says, "This value might be modified when more measurements in selected laboratories are available ..." This is contrary to the group consensus. Nearly all of the attendees were delighted that the PDB scale was tied to a calcite reference sample in abundant supply by a firm value that would not be changed. There is no need or desire to modify the value of -2.20 permil.
CONCLUSIONS
Having corrected the equations on page 13 of Gonfiantini (1984) , we need to modify figure 3 of Gonfiantini (1984) , which is figure 2 herein, to take into account the recommendations of the Advisory Group. These modifications are shown in figure 1. We have added C02 evolved from NBS-19 to the figure to take into account the 6 18 0 value of -2.20 permil of NBS-19 on the PDB scale recommended by the attendees. It is interesting to note that the oxygen isotope fractionation between C02 =PDB and C02 =V-SMOW, a l in figure 1, determined from « 3 which was defined at this meeting and from «4 which has been measured on the normalized V-SMOW/SLAP scale, is 1.00027. This is exactly the value in figure 3 of Gonfiantini (1984) , figure 2 herein.
